Introduction
Staphylococcus saprophyticus is a Gram-positive, coagulase-negative species of Staphylococcus [1] and a major uropathogen of uncomplicated urinary tract infection (UTI), accounting for up to 42% of UTIs in young females [2] . However, the clinical significance of this organism isolated blood culture has not been understood well. In a study on the clinical significance of S. saprophyticus bacteremia, the most common portal of entry was central venous catheter in immunocompromised patients [3] . However, S. saprophyticus bacteremia originating from UTI is very rare and has not been reported in Korea. Herein, we report the first case of S. saprophyticus bacteremia originating from UTI in Korea and we discuss the reason why the frequency of S. saprophyticus bacteremic UTI is low.
Case Report
A 60-year-old female was admitted to the emergency department with chest pain from the previous day. She had a fever of 38.6°C accompanied by left flank pain after 4 h of admission to the emergency department. Her past medical On examination, the patient's body temperature was 38.6°C and blood pressure was 160/90 mmHg. Heart rate and oxygen saturation were 73 beats/min and 95% in room air. She was alert and left-sided costovertebral angle tenderness was noted. An electrocardiogram showed a depression of the ST segment in V4-V6 and left ventricular hypertrophy with strain. Her troponin I and CK-MB were elevated to 2.57 ng/L and 18.1 ng/ mL, respectively. Laboratory data showed her white cell count was elevated at 15.24 × 10 9 /L (normal 4.0-10.0 × 10 9 /L). Blood glucose level was 187 mg/dL (normal 70-110 mg/dL). Blood urea nitrogen and creatinine were normal at 15.3 mg/dL (normal 6-20 mg/dL) and 0.62 mg/dL (normal 0.5-0.9 mg/dL), respectively. Her C-reactive protein level was 6.8 mg/L (normal 0-5 mg/L). Urinalysis showed a pH of 7, negative nitrates, and 20-29 white blood cells/high power field. The computed tomography (CT) scan of the patient's abdomen revealed an obstructive 6-mm-sized left renal pelvic stone, with left hydroureteronephrosis and proximal ureter wall thickening (Fig. 1) .
The patient was transferred to the Department of Cardiology with non-ST-segment elevation myocardial infarction and UTI. Antiplatelet agents were administered and intravenous antibiotic therapy was initiated with ciprofloxacin. Urine culture from the patient's original emergency department visit revealed methicillin-resistant S. saprophyticus of >100,000 colony-forming units/mL.
Blood culture grew Gram-positive cocci in both aerobic and anaerobic bottles in four out of four sets. Blood culture (Vitek-2; Biomérieux, Durham, NC, USA) isolation revealed methicillin-resistant S. saprophyticus, which was confirmed by 16S rDNA sequencing. Antibiotic susceptibility testing (Vitek-2; Biomérieux, Durham, NC, USA) for the following antimicrobial agents revealed minimum inhibitory concentrations (MIC) as follows: ciprofloxacin (MIC ≤ 0.5 μg/mL, susceptible), penicillin (MIC ≥ 0.5 μg/mL, resistant), oxacillin (MIC ≥ 4 μg/mL, resistant), and vancomycin (MIC = 1 μg/mL, susceptible). According to the antibiotic susceptibility of S. saprophyticus, the patient was treated with intravenous ciprofloxacin. Follow-up urine culture was carried out 4 days after commencement of antimicrobial therapy and the result was negative. The patient's condition improved with 7 days of ciprofloxacin treatment. She was discharged from hospital with 1-month outpatient follow up for left renal pelvis stone and prescription of antiplatelets with atorvastatin. During outpatient follow up, potassium citrate was administered and the left renal pelvis stone had disappeared with improving hydronephrosis at the 2-month follow up CT scan.
Discussion
S. saprophyticus is the second most common uropathogen after Escherichia coli in uncomplicated UTI in females [4] . A nationwide surveillance study of uncomplicated UTI reported that S. saprophyticus (5.2%) was the second most common uropathogen in the total population, and significantly more common in premenopausal females [5] . Similarly, another study reported that the most common uropathogens were E. coli (53.3%) and S. saprophyticus (2.5%) among 4,734 females with uncomplicated UTI in multi-community centers [6] . A Korean study of 24,277 urinary specimen strains from 1996 to 2008 showed that the most common pathogen was E. coli (23.8%), followed by Enterococcus faecalis (11.0%), Enterococcus faecium (10.8%), Pseudomonas aeruginosa (9.0%), coagulase negative staphylococci (7.7%), Klebsiella pneumoniae 
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(6.6%), Staphylococcus aureus (3.3%), S. saprophyticus (0.1%) [4] . Contrary to previous foreign studies, the isolation of S. saprophyticus was much less frequent from UTI patients in Korea. Because S. saprophyticus is a pathogen of uncomplicated UTI in young women, the isolation rate of the S. saprophyticus may be lower in admitted patients. Therefore, relatively few patients with S. saprophyticus UTI may be included because reports on surveillance for UTI pathogens were performed at tertiary hospitals in Korea [2] [3] [4] .
In a case series of patients with S. saprophyticus bacteremia, there have been no reports of S. saprophyticus bacteremia originating from UTI in Korea to date, and most bacteremias were associated with tunneled-central venous catheters in patients with immune suppression, such as hematologic malignancies [3] . As shown in Table 1 [7] [8] [9] [10] [11] , three patients had S. saprophyticus bacteremia from UTIs combined with nephrolithiasis, and four patients were healthy young females with a history of intense sexual activity prior to admission. Two patients had pregnancy as a clinical setting. All of these patients were successfully treated with intravenous antibiotics.
We speculate why S. saprophyticus bacteremia was rare, although UTI caused by S. saprophyticus was common. First, S. saprophyticus did not produce coagulase, unlike other staphylococci such as S. aureus. Coagulase converts fibrinogen to fibrin and reacts with prothrombin in blood. This reaction results in blood clotting, coating the bacterial cell surface with fibrin and enabling the staphylococci to resist phagocytosis.
In this sense, it is proposed that S. saprophyticus has lower virulence than S. aureus, especially in blood. Second, S. saprophyticus did not possess a potassium acquisition system such as ATPase, which is necessary for bacterial growth [12] . A potassium-plentiful environment such as urine enables S. saprophyticus growth without a potassium-import system [12] , whereas S. saprophyticus has difficulty of bacterial growth in environments of relatively low potassium concentration such as blood. Third, S. saprophyticus has cell wall-anchoring adhesins to the urinary tract epithelium as a virulence factor, but do not possess the extracellular matrix-binding proteins that are found in S. aureus or Staphylococcus epidermidis and enable S. aureus or S. epidermidis to anchor to the peptidoglycan of extracellular matrix [12] .
In this report, the patient had an obstructing stone on her left renal pelvis with hydroureteronephrosis. We postulated that urinary tract obstruction by a renal stone enabled S. saprophyticus to reach the renal pelvis easily, and aggravated the tissue invasiveness of bacteria from the urinary tract. Although S. saprophyticus bacteremia from UTI was rare, obstructive nephrolithiasis seems to be a predisposing factor for bacteremia from UTI [9] . Pregnancy can also play a role in functional obstruction and impedance of the descending flow of urine [13] .
This case is the first report of S. saprophyticus bacteremia from UTI in Korea. We suggest that S. saprophyticus UTI may result in bacteremia in patients with nephrolithiasis or any cause of obstruction. Thus, S. saprophyticus may cause inva- 
